Philopatry in migratory species can apply to any location used during the annual cycle. The degree of philopatry influences the genetic structure of populations, but only at the stage of the annual cycle when pair formation and gene exchange occur. Because pair formation in birds typically occurs during the breeding season, most studies have focused on breeding-site philopatry. Waterfowl (Anseriformes) are an important exception to this pattern because pair formation often occurs during the winter months. Yet, surprisingly few studies have examined winter philopatry in waterfowl. To serve as an impetus for future research, we summarize published information on winter philopatry in waterfowl and examine these patterns in light of current hypotheses proposed to explain philopatric behavior. Our analyses indicate that geese, swans, and sea ducks show high levels of winter philopatry, with homing rates varying between 49 and 98% to small study areas. In contrast, return rates (0 to 20%) and homing rates (35 to 85%) to large study areas probably are comparatively lower for dabbling ducks and pochards. Unfortunately, detailed comparisons among groups are hindered by variation in the scale at which philopatric behavior is evaluated (ranging from <1 km 2 to 10 s kin2), and by confounding of return rates with homing rates. Future studies of winter philoparry would benefit by the adoption of a more standardized methodology. Many of the hypotheses proposed to explain breeding philopatry apply equally well to winter philopatry. In particular, both genetic and ecological mechanisms may play a role in the evolution of philopatry to the wintering ground. Additional field studies are needed to test these hypotheses, and we suggest future directions for a more detailed examination of this neglected area of research.
riety of avian species (Greenwood and Harvey 1982, Rohwer and Anderson 1988) . Natal philopatry occurs when a juvenile animal returns to breed at its place of birth, whereas breeding philopatry results when an animal returns to breed at the site of a previous breeding attempt (Greenwood 1980) . The level of philopatry can have a significant influence on the genetic structure of populations. When there is little movement of individuals among populations, considerable genetic substructuring can arise (Rockwell and Barrowclough 1987, Chesser 1991) . Consequently, philopatry can lead to increased isolation of populations, possibly leaving small populations more susceptible to local extinction (Levins 1970 , Gadgil 1971 .
Several hypotheses have been proposed to explain the adaptive significance of breeding philopatry in birds and mammals (e.g. Greenwood 1980, Johnson and Gaines 1990). How-ever, a focus on breeding philopatry may provide an incomplete understanding of the ecological and evolutionary forces influencing philopatric behavior For example, migratory species use a variety of habitats during the annual cycle, including breeding, molting, wintering, and migratory stopover locations. Mortality can occur during any of these stages, and philopatry to these sites can have significant consequences for individual fitness and population regulation. In addition, the physical location where gene flow occurs (probably determined by the mating system and the location where pair bonds are formed) is the relevant location for evaluating the genetic consequences of philopatry. Waterfowl (Anseriformes) represent a case in point. Breeding philopatry is female biased in migratory waterfowl, a pattern opposite to that in most birds (Greenwood and Harvey 1982, Clarke et al. 1997 ). As such, much attention has focused on this unusual pattern of sex-biased philopatry (Rohwer and Anderson 1988, Anderson et al. 1992 ). However, philopatry to the location where pair formation occurs may be 2O more critical in understanding population structure. Unlike most birds, many species of waterfowl pair in the winter. Thus, patterns of gene flow and population structure may be defined during winter rather than the breeding season. Selection pressures leading to winter philoparry might differ substantially from those leading to breeding philopatry. Moreover, within species, selection on a particular pattern of sex bias in breeding philopatry could be very different from that acting on winter philopatry. Several recent reviews have considered breeding philopatry in waterfowl (Rohwer and Anderson 1988, Anderson et al. 1992 ), but few studies have evaluated patterns of winter philopatry. In this paper, we summarize existing data on patterns of winter philopatry in waterfowl review current hypotheses on philopatry with respect to winter philopatry in waterfowl, and outline future research needs. Quantifying philopatry.--The quantification of philopatry has meaning only in the context of the area to which the animal returns. This could be defined as narrowly as a nest site or as broadly as a major subdivision of an entire geographic range. Clearly, the more narrowly the location is defined the lower the frequency of philoparry, all else being equal. This can make comparisons among studies difficult. Therefore, study area sizes were categorized on a logarithmic scale starting from <1 km 2, <10, <100 ..... to <10 s km 2.
PATTERNS OF WINTER PHILOPATRY
Return rates (i.e. the number of animals recaptured or resighted as a proportion of the total number of animals marked) are frequently used to quantify philopatry. However, return rate is a composite of the probabilities that a bird will: (1) survive to the following year (survival rate); (2) return to the study area, given that it is alive (homing rate); and (3) be recaptured or resighted (recapture rate), given that it is alive and has returned to the study area (Hestbeck et al. 1991 , Ebbinge 1992 . Homing rate provides a true index of philopatry. Unfortunately, as a composite probability, return rates from different studies seldom are comparable. Generally, the recapture/resighting rate is highly variable from one study to the next and depends on the study design and the nature of the animal. Annual survival rates can also vary considerably, ranging from 0.53 to 0.88 in geese and 0.32 to 0.76 in ducks (Johnson et al. 1992). Generally, younger birds have higher mortality rates than adults, and females have higher mortality rates than males (at least in ducks).
A method that estimates homing rate directly is to compare the number of birds that returns to a study site with the number that goes elsewhere. Therefore, homing rate is the number of birds returning to the study site divided by the total number of birds resighted anywhere. Because all the birds in the sample have survived, survival is not confounded in this method. The method assumes that the resighting rates at all of the study sites are similar, which may or may not be true. Generally, this method will overestimate homing rate if the effort to resight birds outside of the study area is lOW.
Another method of estimating levels of winter philopatry in waterfowl is to use data obtained from band reports of recovered (usually shot) birds. This method is similar to the method of using resightings to estimate homing rate. Homing rate is the ratio of the number of birds that were banded in one winter and recovered in a subsequent winter in the same area to the total number of birds recovered anywhere. To obtain the necessary number of recoveries, this method is useful only over a large geographic range. An implicit assumption in homing rates derived from recoveries is that hunting pressure and vulnerability are similar across the range of the species. If certain areas are more heavily hunted, more recoveries will come from that region due to higher mortality rather than to a propensity of birds to return to that area. Differences in the reporting rate between areas could bias estimates of homing rate in a similar way. We consider return rates and homing rates [Auk, Vol. 116 separately (because return rate is a composite probability that includes homing rate). Whenever possible, we emphasize studies reporting homing rates in our comparisons because survival is not confounded in these values.
Patterns of winter philopatry.--Geese and swans showed high levels of winter philopatty. Homing rates varied from 49 to 98% (median = 71%, n = 25; (Table 1) . Return rates for dabbling ducks ranged from 0 to 10% (median = 3%, n = 9; Table 1 ). Study areas tended to be very large (many were 105 km2). The proportion of individuals recovered in the same area of banding (homing rate) varied from 35 to 85% with a median of 58%, except for Northern Pintails (Anas acuta), which ranged down to 5% (n = 21; Table 1 ).
Interpretation of patterns.--Although a considerable number of studies report indices of winter philopatry, these data are very difficult to compare in a meaningful way because the size of the study areas varies considerably. Moreover, return rates to an area of l0 s km 2 are not very instructive in determining whether an individual is philopatric. The utility of return rates is also highly questionable, and comparing return rates across studies is difficult to justify. Given the large amounts of heterogeneity in these data, are they comparable in any way?
The data allow us to make some coarse comparisons among taxa, given certain assumptions. Geese and swans show high homing rates to relatively small geographic areas (1 to 10 km2), although they may use more than one wintering area in a season (Percival 1991 , Fox et al. 1994 ). Dabbling ducks also show relatively high homing rates, yet the study areas are 100 to 1,000 times larger than those for geese and swans. Assuming that homing rates increase as the size of the study area increases, dabbling ducks show a lower homing rate than geese and swans to areas of similar size. Only return rates are available for the other duck species. Return rates are low for pochards and dabbling ducks and relatively high for sea ducks. The size of the study areas for pochards (<1 km 2) is much smaller than for dabbling ducks (104 to l0 s km•). Assuming that survival and recapture rates are similar for both groups of ducks, and that return rates increase with the size of the study area, then sea ducks and possibly Canvasbacks have higher homing rates than dabbling ducks. Survival rates of diving ducks are slightly higher than, or similar to, those of dabbling ducks (Johnson et al. 1992), so major differences in survival are unlikely to explain the differences in homing rates. It is unknown whether recapture rates are similar among studies.
A general conclusion that can be drawn from these data is that philopatry is not absolute to small geographic areas for any species. Although philoparry in geese and swans is very high, even small numbers of individuals moving among populations are sufficient to disrupt genetic isolation (Rockwell and Barrowclough 1987) . Most species of dabbling ducks do not appear to be philopatric in a general sense, except perhaps at the flyway level. Thus, it is highly unlikely that genetic isolation occurs in any wintering population of dabbling ducks.
A REVIEW OF HYPOTHESES AND MECHANISMS
Two main sets of hypotheses have been proposed to explain the evolution of philopatric behavior (Weatherhead and Forbes 1994). The ecological (or somatic) set proposes that individuals return to familiar sites in order to take advantage of prior knowledge of the area. The genetic set posits that philopatry enables individuals to mate with partners with which they share a specific level of genetic relatedness.
Ecological mechanisms.--A number of hypotheses fall within an ecological or somatic benefit framework. All of these models predict that philopatric individuals have higher lifetime reproductive success than dispersers. Quantifiable benefits of philopatty should be apparent in the current generation.
Individuals that return to the same region
year after year will become familiar with the area and should use this knowledge to their advantage. Philopatric individuals have a selective advantage over dispersers because they are not continually confronted with novel environ-merits. Potential benefits include knowledge of patchy food resources and the locations of conspecifics, predator refugia, and predator movements and habits.
This "local-knowledge" hypothesis is commonly invoked to explain the high levels of breeding philopatry in female waterfowl (Rohwer and Anderson 1988). However, similar benefits can be realized by individuals that are philopatric to a wintering area. Individuals that return to a wintering location may be able to use their local knowledge to avoid predators and exploit food resources, thereby increasing their overwinter survival. Good foraging conditions on the wintering grounds can increase the reproductive success of females in the sub- This allows individuals in good condition to obtain a mate that is also in good condition (Heitmeyer 1995). Additionally, if philopatric individuals have local knowledge about where conspecifics tend to congregate, they may have an advantage when trying to find a suitable mate.
The social-cohesion hypothesis proposes that philopatry has evolved as a mechanism for individuals to maintain social bonds with conspecifics. Maintaining a cohesive family unit might be one reason for individuals to keep social bonds intact. In species with long-term pair bonds and extended parental care (i.e. geese and swans), individuals that are separated would be able to reunite at a common wintering ground. Raveling (1969) suggested that one function of the use of traditional roosting sites by Canada Geese (Branta canadensis) was to enable family groups that had become separated to reunite. by allowing gene combinations that are particularly adaptive at a local site to remain together (i.e. optimal inbreeding; Shields 1982 Shields , 1983 ). Shields (1982 Shields ( , 1983 noted that waterfowl present a potential problem to this interpretation because a female's breeding area often is far away from her mate's natal area ( For a genetic model to provide an adaptive explanation for the evolution of philopatry in waterfowl a mechanism must exist for juveniles to obtain mates at the same location as their parents. Such a mechanism exists for geese and swans because parental care is extended such that broods follow their parents to the wintering grounds. However, similar mechanisms do not exist for most ducks; broods are usually abandoned by the female parent before the young depart for the wintering grounds. For optimal inbreeding hypotheses to be relevant, juvenile ducks must be able to "home" to a wintering location where they have never been. Young birds conceivably could migrate on their own and attempt to find their parents on the wintering grounds. In other bird species, mechanisms have evolved so that naive birds migrate to suitable wintering quarters even in the absence of their parents (Berthold
Another version of a social-cohesion hypoth-

1996). Evidence from Mallards (Anas platyrhynchos) and American Black Ducks (Anas rubripes)
suggests that juveniles associate with adults that migrate later than their parents (probably from more northerly locations). Juveniles subsequently migrate south with these unrelated adults and incorporate into flocks with them Sex biases in philopatry.--Sex biases in winter philopatry can evolve for a number of reasons, once again classified as ecologically and / or genetically based models. For the ecologically based models, the somatic advantages of philopatry versus dispersal are different for each sex. These advantages can be based on natural selection pressures (e.g. different ecological requirements for each sex) or sexual selection pressures (e.g. the mating system favors different patterns of philopatry in the two sexes). For genetically based arguments, it is assumed that philopatry is advantageous for both sexes, but at the cost of extensive inbreeding. Slight differences in the ecological advantages of philopatry for one or the other sex will predict which sex will be more likely to disperse. 
Rees (1987) found that new pairs of Bewick's Swans (Cygnus bewickii) moved to the previous wintering ground of the male. Males initiated
local movements in the fall and on the wintering grounds. In spring, females initiated movements toward the breeding grounds. Yearling male Bewick's Swans had a higher return rate than females to their first wintering grounds (marginally significant; Rees 1987). Two-yearold male Canada Geese had higher return rates than females to a roosting site, but yearlings and adults did not show any sex biases in homing rate (Raveling 1979 ). Raveling (1979) good. Although we obtained information from a number of studies of dabbling ducks, the utility of these data is questionable. This is not to say that these studies were done poorly; rather, it appears to be more difficult to obtain suitable data on homing rates for dabbling ducks than for geese and swans. As is generally true for most aspects of waterfowl biology, very little information is available for pochards, sea ducks, perching ducks, and other groups, which underscores the need to study winter philopatry in these species. Understanding patterns of juvenile dispersal is also essential to an examination of the relationship between philopatry and mating systems. In species that exhibit long-term pair bonds, only the younger age classes will be actively involved in mate choice. It is possible that a mating system has led to a strong male sex bias, but this bias could be masked entirely by equal philopatry levels exhibited by adults in long-term pair bonds.
Even if a species is serially monogamous, juveniles may be under different pressures from adults and thus display different levels of philopatry. Individuals of different condition or quality may exhibit different mating tactics (Austad 1984) . For example, adult male dabbling ducks might be better suited to remain at a familiar place where they can obtain highquality resources and actively court females. Juvenile males may be better off to disperse in search of concentrations of unpaired females, or go to areas with no adult males to ensure their own survival. More sophisticated analyses of existing recovery data by sex and age classes could begin to address some of these questions.
Location and timing of pairing.--Surprisingly, pairing chronologies and the location of pairing are not well documented for many species. Even for the well-studied geese and swans, very little is known about the exact timing of pair-bond formation (Owen et al. 1988 ). Obviously, such information is critical for any test of a genetic hypothesis for philopatry. Indeed, pair-bond formation in geese and swans may differ geographically, and its exact timing and location are not well known for species that segregate during winter. Because the mating system is only a factor during pair formation itself, different explanations for philopatry may be necessary for different parts of a species' range. Finally, the widely held assumption that pairs observed in winter are maintained into the breeding period has very little direct supportive evidence. If pairs formed in winter are not relevant to gene exchange, then winter is no longer the appropriate time to test genetically based hypotheses.
Physical location and social cohesion.--Hypotheses for the evolution of philopatry based on the value of local knowledge are very different from those based on the maintenance of group cohesion. In the latter case, the environment the birds are in is not as important as the birds being together Waterfowl are highly social, suggesting that group-living is important. Thus, philopatry in waterfowl simply may be a mechanism to ensure that individuals can readily find conspecifics. In species that tend to disperse, evidence that the same individuals move together to different wintering areas would provide evidence that social cohesion is important.
Habitat stability.--The role of habitat stability in shaping patterns of winter philopatry has not been addressed. Research questions along this line include: Do species that winter in predictable habitats tend to exhibit higher levels of philopatry, and does this pattern hold within species and between populations? Although habitat predictability is difficult to assess, some generalizations are possible. Marine habitats are considered to be more predictable than freshwater habitats. Shallow freshwater habitats are prone to freezing during cold spells, unlike marine waters. Relatively dry upland habitats are also reasonably stable. Whether patterns of philopatry follow this gradient would be a valuable direction of research.
As is usually the case, it is unlikely that any single hypothesis will explain the patterns of winter philopatry for all species of waterfowl. Undoubtedly, several hypotheses and mechanisms are responsible for shaping patterns of philopatry. Although our review has identified areas where some patterns are apparent, it is clear that much remains to be learned regarding the processes underlying winter philopatry 
